A bacterial isolate, designated strain THG-MM1
The genus Devosia belongs to the class Alphaproteobacteria and family Hyphomicrobiaceae, and was created by the reclassification of 'Pseudomonas riboflavina' (Foster, 1944) as Devosia riboflavina (Nakagawa et al., 1996) . The genus accommodates Gram-stain-negative, rod-shaped, aerobic, oxidase-positive bacteria containing ubiquinone-10 (Q-10) or Q-11 as the predominant respiratory quinone. The DNA G+C contents of members of the genus Devosia range from 59.5 to 66.2 mol% (Yoon et al., 2007; Jia et al., 2014) . At the time of writing, the genus Devosia comprises 16 species with validly published names (http://www. bacterio.net/devosia.html). Various isolation sources have been reported of the genus Devosia including soil (Yoon et al., 2007) , root nodule (Bautista et al., 2010) , a hexachlorocyclohexane dump site (Verma et al., 2009) , deep-sea sediment (Jia et al., 2014) and beach sediment (Lee, 2007) .
The genus Vasilyevaea belongs to the class Alphaproteobacteria and was created by the reclassification of Prosthecomicrobium enhydrum (Staley, 1968) as Vasilyevaea enhydra (Yee et al., 2010) and Prosthecomicrobium mishustinii (Vasil'eva et al., 1991) as Vasilyevaea mishustinii (Yee et al., 2010) . The genus Vasilyevaea comprises two species with validly published names, which were isolated from water and soil, respectively (Yee et al., 2010) . Members of the genus Vasilyevaea are Gram-reaction-negative, rod-shaped, aerobic bacteria and can utilize D-glucose and maltose as carbon sources. Cells of the genus Vasilyevaea are irregular to thick rod-shaped and colony colours vary from white, yellow and red to yellow-orange. Members of the genus Vasilyevaea reproduce by budding and produce several cellular appendages or prosthecae that extend from each cell in all directions. The DNA G+C content of the genus Vasilyevaea ranges from 63 to 66 mol% (Yee et al., 2010) .
The genus Devosia is distinguished from the genus Vasilyevaea by the cell shape and colony colour. The genus Devosia also differs from the genus Vasilyevaea by not reproducing by budding and prosthecae.
In this study, we report on the characterization of a novel strain, THG-MM1
T , by using a polyphasic approach. On the basis of the results obtained, we propose that strain THG-MM1
T should be placed in the genus Devosia as the type strain of novel species.
The soil sample was collected from a Korean pine (Pinus koraiensis) garden (378 149 270 N 1278 109 390 E) 3These authors equally contributed to this work.
of Yongin city, Gyeonggi-Do, Republic of Korea. One gram of soil sample was suspended in 10 ml of 0.85 % sterile saline, serially diluted and 100 ml aliquots were spread on Reasoner's 2A (R2A) agar as described by Liu et al. (2006) . After incubation at 28 8C for 5 days, single colonies were cultured on fresh R2A agar plates. One isolate designated strain THG-MM1
T , was preserved in glycerol solution (25 %, v/v) at 280 8C and routinely cultured at 28 8C on R2A medium.
Extraction of genomic DNA was performed using a commercial genomic DNA extraction kit (Solgent). Amplification of the 16S rRNA gene was carried out with the universal primers 27F and 1492R (Weisburg et al., 1991) and the purified PCR products were sequenced by Solgent (Daejeon, Republic of Korea). The 16S rRNA gene sequence of strain THG-MM1
T was compiled with SeqMan software (DNASTAR) and edited in the BioEdit program (Hall, 1999) . The 16S rRNA gene sequences of related taxa were obtained from the GenBank database and the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . In the subsequent phylogenetic analysis, CLUS-TAL X software (Thompson et al., 1997) was used to align the 16S rRNA gene sequence of the novel strain with those of closely related members of the genus Devosia. Genetic distances were calculated using Kimura's two-parameter model (Kimura, 1983) . Phylogenetic trees were reconstructed by using the neighbour-joining (Saitou & Nei, 1987) and maximum-likelihood (Takahashi & Nei, 2000) algorithms available within the MEGA5 software package (Tamura et al., 2011) . The topology of each tree was evaluated by bootstrap analysis with 1000 replications (Felsenstein, 1985) . For the measurement of DNA G+C content, genomic DNA was extracted and purified as described by Moore & Dowhan (1995) and the G+C content was determined using reverse-phase HPLC according to Mesbah et al. (1989) .
The nearly complete sequence (1393 bp) of the 16S rRNA gene of strain THG-MM1 T was obtained. The comparison of 16S rRNA gene sequences revealed that strain THG-MM1 T was a novel strain which belonged to the genus Devosia and shared highest sequence similarity with Devosia insulae DS-56 T (96.5 % 16S rRNA gene sequence similarity), Devosia yakushimensis Yak96B T (95.7 %), and Devosia albogilva IPL15 T (95.2 %). As low 16S rRNA gene sequence similarities (,97 %) were found between strain THG-MM1
T and all species of the genus Devosia with validly published names (Stackebrandt & Goebel, 1994) , DNA-DNA hybridization studies of strain THG-MM1
T with its close relatives were not performed. Strain THG-MM1
T formed a reliable and monophyletic cluster with Devosia insulae DS-56 T in the neighbour-joining tree ( Fig. 1 ). This cluster was also recovered in the trees generated by the maximum-likelihood algorithm ( Cell morphology was observed at 611 000 magnification with a transmission electron microscope (JEM1010; JEOL) after negative staining with 0.5 % (w/v) uranyl acetate using cells grown for 4 days at 28 8C on R2A agar (BD). Gram staining was performed by using a Gram-staining kit (bioMérieux) according to the manufacturer's instructions. Growth on R2A agar, tryptone soy agar (TSA; Difco), nutrient agar (NA; Oxoid), Luria-Bertani agar (LB agar; Difco), marine agar (MA; BD) and MacConkey agar (BD) was also assessed. Growth at various temperatures (4, 10, 18, 25, 28, 30, 35, 37, 40 and 45 8C) was observed. Growth at varying pH (pH 4.0-10.0, at intervals of 0.5 pH units) was monitored in R2A broth after incubation at 28 8C, using the following buffers to adjust pH values: citric acid/sodium citrate (for pH 4.0-6.0), Na 2 HPO 4 /NaH 2 PO 4 (pH 6.0-8.0), Na 2 CO 3 /NaHCO 3 (pH 8.0-10.0) and Na 2 HPO 4 /NaOH (pH 10.0); the pH was confirmed after autoclaving. Salt tolerance was determined in R2A broth supplemented with 0-5 % (w/v) NaCl (at intervals of 0.5 %). After cells were grown for 5 days at 28 8C on R2A agar, catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 and oxidase activity was determined by using 1 % (w/v) N,N,N9,N9-tetramethyl-1,4-phenylenediamine reagent. were conducted. All tests described above were evaluated after incubation for 7 days at 28 8C, except where otherwise indicated. In order to study carbon source utilization and enzyme activity, API 20NE and API ZYM kits (bioMérieux) were used according to the manufacturer's instructions. Motility was tested on sulfide-indole-motility medium (SIM; Difco).
Strain THG-MM1
T was Gram-stain-negative, aerobic, nonmotile and rod-shaped (Fig. S2) . The isolate grew on R2A agar, but not on TSA, NA, LB agar or MacConkey agar. Growth was observed on R2A agar at 18-30 8C, at pH 6.0-8.0 and in the presence of up to 1.0 % NaCl. Tests for catalase and oxidase activity were positive. Strain THG-MM1
T did not hydrolyse L-tyrosine, DNA, Tweens 20 and 80, or starch. Physiological characteristics of strain THG-MM1
T are summarized in the species description and the comparison of biochemical and physiological characteristics of strain THG-MM1
T and three reference strains is shown in T , were cultured under the same conditions, then biomass from the third quadrant of each plate was collected and used for the preparation (http://www.microbialid. com/PDF/TechNote_101.pdf). The cellular fatty acids were analysed by gas chromatography (model 6890; Hewlett Packard) using the Microbial Identification software package with the Sherlock system MIDI 6.1 and the Sherlock Aerobic Bacterial Database (TSBA 6.1) (Sasser, 1990) . Freeze-dried cells for the analysis of polar lipids and quinones were produced from cultures grown for 4 days in R2A broth at 28 8C. Isoprenoid quinones were extracted with chloroform/methanol (2 : 1, v/v), evaporated under vacuum conditions and re-extracted in nhexane/water (1 : 1, v/v). The crude n-hexane/quinone solution was purified using Sep-Pak vac silica cartridges (Waters) and subsequently analysed by HPLC as previously described (Hiraishi et al., 1996) . Polar lipids of strain THG-MM1 T and D. insulae KCTC 12821 T were examined by two-dimensional TLC (Kiesel gel 60 F254 plates, 10610 cm; Merck) and identified as described by Minnikin et al. (1977) . A mixture of chloroform/methanol/ water (65 : 25 : 4, by vol.) was used as the solvent for the first dimension and a mixture of chloroform/methanol/ acetic acid/water (80 : 12 : 15 : 4, by vol.) for the second dimension. For detection of total and specific lipids, the plates developed in the solvent system were sprayed with 5 % molybdatophosphoric acid for total lipids, 0.2 % ninhydrin for aminolipids, molybdenum blue reagent (Sigma) for phospholipids and 2.5 % a-naphthol/sulfuric acid for glycolipids.
The major fatty acids (.10 %) of strain THG-MM1 T were C 16 : 0 (27.8 %), summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c) (12.8 %) and C 18 : 0 (11.0 %) ( Table 2 ). The polar lipid profile of strain THG-MM1
T was composed of phosphatidylglycerol, an unidentified phospholipid and four unidentified lipids (L1-4) (Fig. S3) . The absence of unidentified lipid L5 distinguished the polar lipid profile of strain THG-MM1
T from that of its closest phylogenetic Devosia soli GH2-10 T (DQ303125)
Devosia crocina IPL20 T (EF433461)

Devosia yakushimensis Yak96B T (AB361068)
Devosia neptuniae J1 T (AF469072)
Devosia albogilva IPL15 T (EF433460)
Devosia pacifica NH131 T (KF111722)
Devosia geojensis BD-c194 T (EF575560)
Devosia humi THG-MM1 T (KM598259)
Devosia insulae DS-56 T (EF012357)
Vasilyevaea enhydra 9b T (GQ221761)
Vasilyevaea mishustinii17 T (FJ560749)
Thermovum composti Nis 3 T (AB563785)
Mesorhizobium loti USDA 3471 T (AXAE01000021)
Mesorhizobium opportunistum WSM2075 T (ACZA01000068)
Mesorhizobium amorphae ACCC 19665 T (AF041442)
Aminobacter niigataensis DSM 7050 T (AJ011761)
Aminobacter aganoensis DSM 7051 T (AJ011760)
Carbophilus carboxidus CIP 105722 T (JN175336)
Aminobacter aminovorans DSM 7048 T (AJ011759)
Aminobacter lissarensis CC495 T (AF107722)
Aminobacter anthyllidis STM4645 T (FR869633)
Variibacter gotjawalensis relative D. insulae KCTC 12821 T . The major isoprenoid quinone of strain THG-MM1
T was Q-10, which is consistent with the genus Devosia.
The physiological, biochemical and morphological characteristics of strain THG-MM1
T are given in the species description and Table 1 . Phenotypic examination revealed most traits in common between the novel strain and the other species of the genus Devosia. Moreover, strain THG-MM1
T cannot utilize D-glucose or maltose as a carbon source; the colony colour and cellular shape of strain THG-MM1
T are rod and pinkish-white, respectively and 16S rRNA gene sequence analysis suggested the placement of strain THG-MM1 T in the genus Devosia. This phylogenetic inference is supported by the unique combination of chemotaxonomic and biochemical characteristics of the novel strain. Hence, it can be concluded that strain THG-MM1
T represents a novel species of the genus Devosia, for which the name Devosia humi sp. nov. is proposed.
Description of Devosia humi sp. nov.
Devosia humi (hu9mi. L. gen. n. humi of earth, soil).
Cells are Gram-stain-negative, catalase-and oxidase-positive, aerobic, non-motile, rod-shaped (1.30-3.00 mm|0.41-0.67 mm) and non-flagellated. Colonies are circular, pinkishwhite on R2A agar and 0.5-2.0 mm in diameter after incubation for 5 days. Cells grow on R2A agar but not on TSA, LB agar, NA, MA or MacConkey agar. Growth occurs at 18-30 uC (optimum 28 uC), at pH 6.0-8.0 (optimum pH 6.5) and in the presence of 0-1 % (w/v) NaCl. Starch, L-tyrosine, Tweens 20 and 80, and DNA are not hydrolysed. Esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, naphthol-AS-BI-phosphohydrolase, b-galactosidase, N-acetyl-b-glucosaminidase and a-mannosidase activities are present, and lipase (C14), b-glucosidase and acid phosphatase activities are weakly present. Nitrate is not reduced to nitrite. Indole is not produced. Alkaline phosphatase, cystine arylamidase, trypsin, a-chymotrypsin, b-glucuronidase, a-galactosidase, a-glucosidase, a-fucosidase, arginine dihydrolase, protease (gelatin hydrolysis) and urease activities are absent, and L-arabinose, D-mannose, D-mannitol, N-acetylglucosamine, glucose, maltose, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid are not utilized as carbon sources. Q-10 is the sole isoprenoid quinone. The major cellular fatty acids are C 16 : 0 , summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c) and C 18 : 0 . The major polar lipids are phosphatidylglycerol and an unidentified lipid (L3).
The type strain is THG-MM1 T (5KACC 18281 T 5CCTCC AB 2015121 T ), and was isolated from soil of a Korean pine (Pinus koraiensis) garden near Kyung Hee University, Republic of Korea. The DNA G+C content of the type strain is 63.7 mol%. 
